ABSTRACT
INTRODUCTION
addition, changes in posted speed limits are associated with changes in the likelihood of crash 1 and fatality. Finch et al. (1994) reported a 3% decrease in crash rate in response to 1 km/h 2 reduction in speed. Similarly, Kockelman and Bottom (2006) found a 3% increase in crash 3 rate and 24% increase in the probability of a fatality if a crash occurred when speed limit was 4 increased from 55 to 65 mph (88.5 to 104.6 km/h). Furthermore, larger speed variance among 5 vehicles in a road section is associated with higher crash rates, possibly because the variance 6 influences the rate of overtaking in a traffic stream (Hauer, 1971) . Aarts and van Schagen 7 (2006) showed that there is a higher risk of being involved in crash when a driver drives 8 faster than the surrounding traffic. The effects of driving slower than surrounding traffic were 9 inconclusive though.
11
Influence of speed limits on drivers' speed choice and perception of safety has also been a limits. While these studies looked at driver beliefs about safety benefits generated from 22 reduced speeds, the potential benefits related to vehicular emissions and driving stress were 23 not among the foci of these studies.
25
Some researchers have studied the relationships between fuel consumption and driving 26 behavior. A number of studies (e.g., Eerens et al., 1993; LAT, 2006; Nie and Li, 2013) 
27
showed that high speed and aggressive driving (e.g., sudden acceleration and braking, 28 frequent lane shifting) result in sharp increases in fuel consumption and emissions. An 29 aggressive driver generally consumes 12-40% more fuel and produces 1-8 times more carbon 30 monoxide (CO), 15-400% more volatile organic compounds (VOC), and 20-150% more 31 oxides of nitrogen (NOx) than a non-aggressive driver (De Vlieger et al., 2000) . Significant 32 fuel savings and emissions reductions can be achieved by encouraging drivers to drive at 33 consistent speeds, imposing lower speed limits, and enforcing current speed limits. The
34
European Environment Agency (EEA, 2011) reported from a simulation study that a 10 km/h 35 reduction in motorway speed limits (from 120 km/h to 110 km/h) would reduce fuel 36 consumption by 12-18% for passenger cars at a full compliance rate.
38
While it is evident from the literature that fuel consumption could be effectively reduced by 39 adopting good driving behavior, it is not known whether drivers believe that they could with posted speed limits is common in most road sections (Debnath et al., 2014a; 2014b; 44 OECD, 2006) and speeding is often cited as one of the major contributory factors of crashes 45 (Clarke et al., 2002) . Despite the demonstrated benefits of improved safety and reduced fuel 46 consumption and emissions, there are a range of cognitive, motivational and emotional factors that might militate against drivers adopting lower speeds.
From the cognitive perspective, drivers generally do not have a proper understanding of the 1 changes in travel time due to change in driving speeds. A series of studies (Fuller et al., 2006; 2 2008; Fuller et al., 2009; Svenson, 2008; 2009) consistently reported that drivers misjudge 3 the amount of time saved when increasing speeds or the amount of time lost when decreasing 4 speeds. Generally, the amount of time saved is underestimated when increasing from a low 5 speed and overestimated when increasing from a high speed. On the other hand, the amount 6 of time lost is underestimated when decreasing from a low speed and overestimated when 7 decreasing from a high speed. Furthermore, Coeugnet et al. (2013) showed from a laboratory 8 study that time pressure leads to both underestimation of speed and trip duration.
10
Research have also suggests that drivers have incorrect perceptions about their own speeds 11 and the speeds of others. For example, Walton and Bathhurst (1998) showed from a study 12 among New Zealand drivers that 85-90% of drivers perceived that they drive slower than the 13 average driver. A Swedish study (Haglund and Aberg, 2000) found that drivers perceived 14 50.7% of other drivers as non-compliant with posted speed limit with a margin of more than 15 10 km/h over the limit, whereas in reality only 22.9% drivers were observed speeding by this 16 margin. Coeugnet et al. (2013) found that underestimation of speed is influenced by the state 17 of being on time-pressure.
19
Driver motivations may influence the speeds they choose to drive at and other unsafe driving give to explain delinquent behavior. Hurry in driving is also often associated with speeding, 24 faster acceleration, sudden braking, aggressive driving, and feeling more stress in driving 25 (Oliveras et al., 2002) .
27
The emotions of frustration and impatience can occur when traffic congestion or slow 28 moving vehicles force drivers to travel more slowly than they want to, and this can lead them 29 to select routes and speeds that they believe would shorten their travel time (Fuller, 2005; 30 Tarko, 2009). Shinar (1998) proposed that frustrating on-road events, such as traffic 31 congestion or delays, can act as a trigger to aggressive behaviors which are moderated by 32 both person-related and situational factors. Frustration in driving and aggressive driving 33 could also lead to increased road rage. Dukes et al. (2001) reported that aggressive driving 34 produces more road rage than impeding traffic does.
36
While there is a common perception that aggressive driving and road rage essentially refer to 37 similar types of driving offences, these two terms actually carry different meanings. In 38 literature, aggressive driving is defined in terms of deliberate traffic offences (e.g., failure to
39
give way, cutting off other vehicles). The term "road rage" is mostly used by the media and 40 members of the public (and some writers) to refer to aggressive driving, but many researchers 41 reserve this term for extreme cases of aggressive driving that usually involved goal-oriented 42 acts of violence which are criminal offences (Goehring, 2000; Joint, 1995) .
44
The foregoing review shows that many studies have demonstrated the benefits attainable by 45 reducing travel speeds. However, specific focus of these studies did not simultaneously 46 account for all three benefits of reduced-speed travel, namely improved safety, reduced vehicular emissions, and lowered driving stress. While the reviewed studies primarily Driver perceptions of the benefits of reducing driving speeds were collected using an online 9 survey. The survey entitled "Driving Costs, Attitudes and Behaviours study" was designed to 10 assess the suitability of respondents for later participation in an eco-driving training program, The prerequisites for participating in the eco-driving program included being at least 18 years 16 old, being the main driver of the car driven, the car being privately owned, and agreeing to 
30
The questionnaire included items on driver beliefs regarding the effects of a range of 31 measures on safety, emissions, and stress and road rage. In addition, demographic data and Respondents indicated their response to each item on a 6 point scale (1=strongly disagree, 38 2=moderately disagree, 3=slightly disagree, 4=slightly agree, 5=moderately agree, and 39 6=strongly agree). A detailed description of the survey and preliminary analysis of the data 40 can be found elsewhere (Debnath et al., 2013; Graves and Jeffreys, 2012 hypothesized to be associated with drivers' beliefs about the benefits of speed reductions.
21
Although some of the variables were later found to be non-significant in the calibrated 22 models, it should be noted that the set of explanatory variables reflects an effort to capture the 23 characteristics of driver demographics, their cars, and their travel behavior.
25
The three demographic characteristics were age, gender, and living area of participants. Age A total of eight variables were used to capture the travel characteristics of the respondents.
1
Number of drivers, as a dichotomy (single driver or multiple drivers of a particular car) 2 measured the extent to which a driver shares driving his/her car with others. Weekly distance 3 driven was categorized into five indicator variables. The other six variables gauged 4 respondents' choice of transportation modes: walk, cycle, public transport, drive with no 5 passengers, drive with passengers, and travel as a passenger in a car. These variables were 6 measured by the number of days each transport mode is used by respondents in an average 7 month. Note that someone who normally cycles to work may also use public transport 8 occasionally. Similarly, someone who uses public transport may also have a significant 9 amount of walking or cycling involved in travelling to and from public transport stop and 10 home.
12
The outcome variables of the model were measured on a 6 point scale with 1 being 'strongly 13 disagree' and 6 being 'strongly agree'. Therefore, an increase in the scale represents an 14 increase in the positive beliefs of the benefits. 
ANALYSIS METHOD

18
The three outcome variables were measured simultaneously from each individual participant In order to decide which approach of interrelated systems of equations suits the data, In the absence of significant endogeneity (as found later in the analysis), the SUR approach is 1 an appropriate choice. The three outcome variables of driver perceptions-improve safety 2 (IS), reduce emissions (RE), and reduce stress and road rage (RSRG)-can be written in the 3 form of a system of simultaneous equations:
8 9
where , and are the perceived benefits for improving safety, reducing emissions,
10
and reducing stress and road rage, respectively; X is the vector of driver demographics 
RESULTS AND DISCUSSION
23
Before estimating the parameters of the models, the DWH test was conducted to examine if 24 endogeneity exists in the system of equations. Endogeneity was not found to be statistically 25 significant in any of the models. Therefore, the SUR estimation approach is an appropriate 26 choice to estimate the model parameters.
28
The formulated SUR models were calibrated to examine the trends in driver beliefs regarding While the number of days public transport is used was found to be positively associated with 28 positive perceptions of improving safety by reducing speeds, it was not found to be 29 significant in the other models. Number of days in a month a person uses the travel modes-
30
walking, driving with no passengers, and traveling as a passenger-was also found to be non-31 significant in all three models.
33
The above results have important implications for transportation and enforcement authorities.
34
As the results show, drivers who frequently drive with passengers, drive for a short distance 35 per week, or often ride a bicycle showed greater beliefs about speed reduction benefits than 36 other drivers. These groups of drivers might be better targets for speed reduction related 
Limitations
42
While this study has produced useful insights into understanding driver beliefs of speed The results of the SUR models suggest that there are significant associations between drivers' 7 perceived benefits and the characteristics of drivers, their cars, and their travel behavior.
8
While driver age was not a significant predictor of safety benefits, drivers under the age of 29 9 years perceived the benefits of reducing emissions, and stress and road rage less strongly than 10 the older drivers. Female drivers and those who drive small cars had stronger beliefs than 11 other drivers that reducing speed would improve safety and reduce stress and road rage.
12
Drivers of automatic cars and drivers who are bicycle commuters perceived the three benefits public transport, driving alone, and being a passenger in a car were not found to be associated 22 with drivers' speed reduction benefits perceptions.
24
The finding that some driver groups perceived the benefits of speed reduction positively 
